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SUMMARY: The disk emission in the single peaked Broad Emission Lines (BELs)
of Active Galactic Nuclei (AGNs) is di±cult to detect. In order to ¯nd the disk
traces in BELs the line pro¯les were simulated by the simpli¯ed model consisting
of two components: accretion disk and surrounding spherical region with isotropic
velocities of clouds. The measurements of simulated pro¯les were compared with
the measurements of observed single-peaked H® and H¯ pro¯les of 12 AGNs, that
had been previously con¯rmed to show the accretion disk presence in the X domain.
The results are in agreement with previous investigations.
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1. INTRODUCTION
According to the standard uni¯cation model
(Urry and Padovani 1995), one could expect an ac-
cretion disk around the super-massive black hole in
the center of an AGN. The presence of the accretion
disk is di±cult to detect. The broad Fe K® emis-
sion line is usually broadened by the disk emission.
Similar characteristics of the pro¯les can be found
in broad emission lines (BELs). However, double
peaked pro¯les are very rare. Less then 5% of AGNs
possess broad double peaked emission lines in opti-
cal or UV domain of their spectra (Strateva et al.
2003). Predominant presence of single peaked lines
in AGNs spectra does not necessarily mean that the
part of the disk °ux in emission line should be in-
signi¯cant in the BELs. For example, for small incli-
nation angles of accretion disks a single-peaked BEL
could appear (see e.g. Chen and Halpern 1989, Du-
mont and Collin-Sou®rin 1990, Kolatcshny 2003).
There are several e®ects which can explain the
lack of the disk emission in the BEL pro¯les, for ex-
ample the locally viscously dissipated power in the
disk (Eracleous and Halpern 1994, 2003). Also, a
Keplerian disk with a presence of a disk wind can
produce single-peaked broad emission lines (Murray
and Chiang 1997). Detailed studies about the BLR
geometry are presented in Sulentic et al. (2000).
One possibility is that the disk emission is su-
perimposed on emission of surrounding emitting re-
gion. This two component model describes very well
these one-peaked lines (see Popovi¶ c 2003, Popovi¶ c et
al. 2003, 2004, Bon 2005, Bon et al. 2006, Ili¶ c et al.
2006).
The aim of this paper is to apply the method
described in Bon et al. (2008), and also in Popovi¶ c
et al. (2008), to 12 AGNs that were previously ¯t-
ted with the two component model (Bon et al. 2006,
Popovi¶ c et al. 2004), and to compare these results
using the constraints derived from the ¯tting results
(Bon et al. 2006, Popovi¶ c et al. 2004).
2. NUMERICAL SIMULATION
The assumption that the BLR could be
composed of two dynamically distinct components,
the accretion disk and a surrounding region, with
isotropic spherical velocity distribution (Popovi¶ c et
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al. 2003, 2004, Bon et al. 2006, Ili¶ c et al. 2006,
Popovi¶ c et al. 2008) has been taken as basic feat-
ueres of the model. For the disk emission pro¯le, the
Keplerian relativistic accretion disk model of Chen
and Halpern (1989) was used.
In this model it was assumed that the kine-
matics of the additional emission region can be de-
scribed as the emission of the spherical region with
an isotropic velocity distribution, i.e. with a local
broadening wG and shift zG. Consequently, the emis-
sion line pro¯le can be described by a Gaussian func-
tion. The whole line pro¯le can be described by:
I(¸) = IAD(¸) + IG(¸);
where IAD(¸), IG(¸) are the emissions of, re-
specively, the relativistic accretion disk and the ad-
ditional region (more details in Popovi¶ c et al 2004,
Bon et al. 2006, Bon et al. 2008).
The °ux ratio of the emissions from the spheri-
cal region (Fs) the disk (Fdisk) and is given by the pa-
rameter Q = Fs
Fdisk. The total °ux is Ftot = Fdisk+Fs.
In the simulations the various ratios of these °uxes
Fs
Fdisk were considered, with the composite pro¯le nor-
malized to unity.
For each line pro¯le, the full widths at 10%,
20%, 30% of maximal intensity were measured, and
compared after being normalized to full width at
half maximum,which was introduced by coe±cients
kj (j = 10; 20; 30) as k10 = w10%=w50%; k20 =
w20%=w50% and k30 = w30%=w50%. It is obvious that
the coe±cients ki are functions of the °ux ratios Q
and the parameters of disk model.
The measured coe±cients kj of the simulated
spectra were compared to determine how they evolve
with the model parameters. Then these results were
compared with measurements of kj for the observed
pro¯les, to determine possible domains of model pa-
rameters. Therefore, in order to reduce the number
of simulated pro¯les, some constraints and approxi-
mations were introduced (more details in Bon et al.
2008).
The parameters of the disk model were chosen
to correspond to the ¯xed values of the parameter of
the disk emission, p=3, since as explained in Bon et
al. (2008), for the normalized spectra there were no
signi¯cant changes in the shape of the pro¯les. Also,
the broadening parameter of the Chen-Halpern disk
model was ¯xed to the value of ¾ = 1000 km/s, to-
gether with the Gaussian broadening of the spheri-
cal region. The inner radius of the disk chosen to
be Rinn = 400RG, since this was averaged values
of this parameter in the previous ¯ttings (Popovi¶ c
et al. 2004, Bon et al. 2006). For the outer ra-
dius, the chosen value was Rout = 3000 RG, although
the averaged outer radius for the sample was about
30000 (Bon et al. 2006). This choice is justi¯ed since
variation of this parameter, above several thousand
gravitational radii, have not been found to have sig-
ni¯cant in°uence on the shape of the line (in par-
ticular, if the line is noisy, such an in°uence would
be hard to determine). In addition the smaller outer
radious reduces the calculation time for the simu-
lation of pro¯les. These values correspond to the
values of averaged disk parameters of Eracleous and
Halpern (2003) ¯tting results for the set of double
peaked radio loud AGNs. Since these AGNs had
two broad peaks (dominant disk accretion), pro¯les
of these lines would corespond to the °ux parameter
Q < 0:1 in this two component model (as for the
case without Gaussian, or negligible emission of the
Gaussian component).
After de¯ning the domains and aproxima-
tions for parameters, it was possible to monitor the
changes of inclination i and the °ux ratio Q by mea-
suring the coe±cients k for both simulated and ob-
served pro¯les.
3. OBSERVATIONS AND
DATA REDUCTION
The observations were performed with the
2.5 m Isaac Newton Telescope (INT) at La Palma
in January 2002 (12 AGNs sample) and in 1998 (III
Zw2). We also used HST observations obtained with
the Space Telescope Imaging Spectrograph (STIS) in
January 2000 (NGC 3516). The spectral resolution
was » 1 º A. We observed the H® and H¯ line regions
for all galaxies, except Mrk 141 where only the H®
region was observed. For III Zw2, only the H¯ line
was used. Also, after calibration of the spectra, the
H¯ line of Mrk 493 was too weak and the red wing
of the 3C 273 H® was too noisy, and for these two
spectra we used the low resolution spectra observed
with the HST (on Sep 4, 1996 and Jan 31, 1999) with
G400 and G750L gratings, respectively. The narrow
and satellite lines were removed as described in the
H® and the H¯ (Popovi¶ c et al. 2001, 2002, 2003,
2004).
It is very important to notice that the two
peaks produced by the disk may appear as two
bumps in blue and red parts of the H® and H¯ line
pro¯les. To ¯nd the line substructure containing the
disk emission, one should obtain the spectral lines
with a relatively high spectral resolution and S/N
ratio. We observed 12 AGNs (see Table 1) with the
INT, which have been previously observed in the X-
ray band (Fe K® line; see e.g. Nandra et al 1997,
Sulentic 1998). According to these results, one can
expect that the disklike feteure is present at least
in the X-ray emitting region, i.e. that a disk ex-
ists, whose signature might be observed in optical
lines (emission from the outer part of the disk). The
observed AGNs have no double-peaked H® and H¯
lines.
After narrow line subtraction, the software
package DIPSO1 was used for reducing the level of
the local continuum (by using the DIPSO routine
'cdraw'), while the 'sm' routine was used for Gaus-
sian smoothing (as a noise subtraction). Thus the
measurement of the coe±cients could be performed
in the same way as for the simulated spectra.
1http://www.starlink.rl.ac.uk/
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The redshifts of the considered AGNs were
taken from Veron et al. (2000).
3.1. Results and discussion
The measurements of widths at 10%, 20%,
30% and 50%, were used to calculate the coe±cients
ki, disk size parameters were Rinn = 400 RG and
Rout = 3000 RG. Also, that the emissivity was kept
constant (p=3).
In Fig. 1 we present k10 vs. k20 and k10 vs.
k30 measurements of the broad components of the H®
and H¯ lines for each AGN from the sample. With
lines we plotted measurements of the simulated pro-
¯les for di®erent disk inclinations i and °ux ratios Q.
As one can see, the majority of the measured points
are between 0:5 < Q < 1:5, and 10± < i < 25± (see
histograms presented in Fig. 2). There was no sig-
ni¯cant change for the varying values of the outer
radii of the disk ring as well as the size of the disk
emitting region.
After plotting the measurements, we con-
cluded that this method could not be applied some of
the data. These were measurements of highly noisy
pro¯les or pro¯les with some problems in removal
of the blending lines (Mrk 817, H¯ pro¯les for Mrk
1040, Mrk 141, Mrk 841, and H® of 3c273). These
measurements were not presented in the analysis.
For the cases where both lines (H® and H¯)
could be measured, it was found that the estimates
of the inclinations were nearly the same, but the °ux
ratios of the disk and of the other component di®ered
(see Table 1). This indicates that both lines originate
from the disk, since they have nearly the same values
of parameters, but with slight °ux di®erences.
Table 1. The observed pro¯les with labels of AGNs,
spectral lines, inclination i, and °ux ratio Q of disk
and surrounding clouds.
Object line i Q
3C 120 H® 21.5 § 0.5 1.1 § 0.3
3C 120 H¯ 21.2 § 0.2 1.15 § 0.05
3C 273 H® 18.9 § 0.3 1.4 § 0.5
3C 273 H¯ 19.8 § 0.3 1.0 § 0.1
Mrk 1040 H® 17.7 § 0.2 0.75 § 0.05
Mrk 110 H® 16.5 § 0.1 1.45 § 0.05
Mrk 110 H¯ 17.3 § 0.2 1.5 § 0.2
Mrk 141 H® 17.2 § 0.6 0.65 § 0.05
Mrk 493 H® 22.0 § 0.1 1.1 § 0.1
Mrk 841 H® 14.5 § 0.5 0.55 § 0.05
Ngc 3227 H® 12.2 § 0.1 1.7 § 0.2
Ngc 3227 H¯ 15.6 § 0.1 1.45 § 0.05
Ngc 4253 H® 17.9 § 0.1 1.1 § 0.1
Ngc 4253 H¯ 20.5 § 0.2 1.8 § 0.2
Pg 1116 H¯ 18.3 § 0.3 1.6 § 0.3
Pg 1211 H® 24.5 § 0.1 1.1 § 0.3
Pg 1211 H¯ 24.2 § 0.2 1.05 § 0.3
III Zw2 H¯ 19.0 § 0.3 1.0 § 0.3
For each AGN from the sample, the disk in-
clination and the fraction of the disk emission (Q)
were roughly estimated, for above mentioned simu-
lations, taking the matrix (i;Q) for three values of ki
and ¯nding six values of the disk inclination i and Q.
The obtained values of i and Q and their standard
deviations for each AGN are given in Table 1.
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Fig. 1. The coe±cients k10 vs. k20 (top) and
k10 vs. k30 (bottom) and for the sample of observed
spectra ("+" corresponds to H®, while H¯ is repre-
sented with "x"), and for the simulated pro¯les (rep-
resented by lines). Di®erent inclinations were con-
sidered, while each line corresponds to the di®erent
°ux ratios (Fdisk=Fsph) of 0.3, 0.5, 0.7, 1, 1.5 from
top to bottom, respectively.
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The results show good agreement with the pre-
vious ¯tting results (see Bon et al. 2006, Popovi¶ c et
al. 2004), having smaller errors and values closer
to the lower boundaries of inclinations in the results.
This was expected, since these lower values were esti-
mated in ¯tting with the emissivity value as the p=3.
Also, as seen in the Table 1, in most cases the incli-
nations of both lines are similar, which is expected in
the model, since they are originating from the same
disk. Furthermore, there are no large di®erences in
the °ux ratios (Q), although the H¯ show slightly
smaller Q then H®, and this could mean that it is
originating in less heated parts of AGNs (more from
the spherical region). This is in agreement with the
physics of the model.
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Fig. 2. Histograms of the inclination i and
Q = Fs=Fdisk.
4. CONCLUSIONS
In this paper, the method explained in more
detail in Bon et al. (2008), has been applied on a
sample of Balmer single peaked lines of 12 AGNs, in
order to ¯nd the disk emission and to compare the
results with the previous investigations by Popovi¶ c
et al. (2004) and Bon et al. (2006).
It was concluded that:
1) the inclinations of considered 12 AGNs
should be in the interval of 12± < i < 25±, what
implies the nearly face-on disks;
2) the °ux ratios of the disk and the spher-
ical region emissions, were in the interval of 0:5 <
Fdisk=Fsph < 1:5,
3) the estimates of the inclinations (for H® and
H¯) were nearly equal (see Table 1), which con¯rms
that both lines originated in the disk.
With this approach, after measuring coe±-
cients k10, k20 and k30 for di®erent °ux contributions
of the disk and spherical region in simulated spectra,
it could be concluded that the parameters kj may be
very useful for detection of the disk emission in the
single peaked lines.
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Originalni nauqni rad
Emisiju diska kod xirokih emisionih
linija sa jednim pikom kod aktivnih galak-
tiqkih jezgara je relativno texko uoqiti.
U ci	u otkrivaa tragova diska u xirokim
emisionim linijama simulirani su profili
ovakvih linija koristei pojednostav	en
model koji se sastoji od dve komponente:
akrecioni disk i sferna oblast sa izotrop-
nom raspodelom brzina koja okruuje akre-
cioni disk. Merea simuliranih profila su
uporeena sa mereima posmatranih spektara
sa emisionim profilima sa jednim pikom, H®
i H¯ profilima, za 12 aktivnih galaktiqkih
jezgara, kod kojih je ranije potvreno pri-
sustvo akrecionog diska u X-oblasti spek-
tra. Dobijeni rezultati su u saglasnosti sa
prethodnim istraivaima.
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